This paper analyzes how racial and ethnic disparities in exposure to industrial air toxics in U.S. cities vary with neighborhood income, and how these disparities vary regionally across the country. Exposure is estimated at the census block-group level using geographic microdata from the Risk-Screening Environmental Indicators of the U.S. Environmental Protection Agency (EPA). We find that racial and ethnic disparities in pollution exposure are strongest among neighborhoods with median incomes below $25,000, while income-based disparities are stronger among neighborhoods with median incomes above that level. We also find considerable differences in the patterns of disparity across the ten EPA regions. In the two regions with the highest median exposure (the Midwest and South Central regions), for example, African-Americans and Hispanics face significantly higher exposures than whites, whereas in the region with the next highest exposure (the Mid-Atlantic), the reverse is true. We show that the latter result is attributable to intercity variationsminorities tend to live in the less polluted cities in the region -rather than to within-city variations.
Introduction
This paper analyzes industrial air toxics exposure disparities by income, race and ethnicity in U.S. cities, here defined as urbanized areas within Core-Based Statistical Areas (CBSAs). Exposure estimates are obtained from the geographic microdata of the Risk-Screening Environmental Indicators (RSEI) of the U.S. Environmental Protection Agency (EPA). We merge the exposure data with U.S. Census data at the block-group level to obtain income and demographic variables. The fine level of geographic resolution provided by these data allows us to investigate two questions that have not been addressed in the literature on environmental inequality.
First, how do racial and ethnic disparities in exposure vary across neighborhoods with different levels of median income? Specifically, we test the hypothesis that racial and ethnic disparities in exposure decline with rising incomes. Because race and ethnicity are correlated with income, this could yield the result that racial and ethnic disparities in exposure are large across neighborhoods in the income strata where most people of color reside, but less pronounced across neighborhoods at the strata where most non-Hispanic whites reside.
Second, are there significant variations across the ten EPA regions in patterns of environmental inequality?
Historical and institutional factors, including the nature of industrial development, patterns of immigration and the extent of racial segregation, vary across regions. Furthermore, the environmental standards and their enforcement vary across States, and there is evidence that State policies may influence those of neighboring States (Fredriksson and Millimet, 2002; Konisky, 2007) . For these reasons, national-level analysis of environmental inequality may conceal important regional differences, and studies of specific regions or metropolitan areas may not be generalizable to the country as a whole.
The paper is organized as follows. After a brief literature review in the next section, we describe the data in more detail in section 3. Section 4 presents descriptive statistics on disparities in exposure at the national level and for the ten regions. Section 5 presents our model and estimation results, where we estimate the effects of income and minority status on exposure. Section 6 concludes.
Literature Review
After the release of the groundbreaking report by the Commission for Racial Justice (1987) , which found strong racial disparities in proximity to hazardous waste facilities in the United States, national-level analysis of environmental disparities by race, ethnicity and income has generated a large and growing literature. A number of studies have analyzed the demographic correlates of proximity to toxics storage and disposal facilities (Anderton et al., 1994; Been and Gupta, 1997; Mohai and Saha, 2007; Bullard et al., 2008) or other environmental hazards (Hird and Reese, 1998; Mohai et al., 2009 ). Other studies have used information on proximity to industrial facilities in the EPA's Toxic Release Inventory, taking into account differences in 2 emissions as well as residential locations (Perlin et al., 1995; Brooks and Sethi, 1997; Arora and Cason, 1999 ).
An important methodological issue raised by these studies is the definition of proximity. When considering environmental hazards, how near is "near"? For example, Anderton et al. (1994) found that when proximity is defined very restrictively as residence in the same census tract in which a hazardous waste facility is located (these tend to be industrial tracts, with relatively low population density), there is no evidence of disproportionately high percentages of minorities. If, however, proximity is defined to include tracts within a 2.5-mile radius (which tend to be more densely populated), the percentages of minorities are significantly higher than average.
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More recent research has used data on exposure to pollution, rather than simple proximity to hazards (see for example Milman, 2006) . By taking into account such factors as prevailing wind patterns, stack height and exit gas velocities, as well as the mass and toxicity of emissions, exposure-based analysis provides a more accurate picture of environmental inequalities, as well as a solution to the "how near is near" problem.
National-level analyses of exposure disparities have relied mainly on data from the EPA's Risk-Screening Environmental Indicators (Bouwes et al., 2003; Ash and Fetter, 2004; .
2 Apart from these national-level studies, a number of researchers have analyzed environmental disparities in specific locations. For example, there have been studies of proximity to waste disposal sites in Houston (Bullard, 1983) , metropolitan Detroit (Mohai and Bryant, 1992) , Los Angeles county (Boer et al., 1997) , Michigan (Saha and Mohai, 2005) and North Carolina (Norton et al., 2007) . Others have examined proximity to industrial facilities covered by the Toxics Release Inventory in Ohio (Bowen et al., 1995) , Southern California (Sadd et al., 1999) , Minneapolis (Sheppard et al., 1999) , Baltimore (Boone, 2002) and metropolitan Charleston (Wilson et al., 2012) . Several exposure-based studies have also been conducted in specific locations : Sicotte and Swanson (2007) and Abel and White (2011) use RSEI data to examine industrial air toxics exposure disparities in Philadelphia and Seattle, respectively; Morello-Frosch et al. (2001) and Pastor et al. (2005) use National Air Toxics Assessment data to analyze exposure disparities in Southern California; Apelberg et al. (2005) use data from the same source in a study of Maryland; and Brochu et al. (2011) analyze disparities in exposure to airborne particular matter in the northeastern United States.
Notwithstanding differences in methodology and data sources, most of these studies have found evidence that racial and ethnic minorities and low-income communities tend to face disproportionate pollution hazards.
There has been debate, however, over the relative importance of minority status and income in patterns of environmental inequality. Some studies have concluded that minority status dominates income (Commission 1 In a more detailed analysis based on the same research project, Oakes (1997, p.122) observes that in neighborhoods one mile from TSDF tracts, the percentage of blacks is about 30%-more than double the average, and that "past the two-mile point, the average [percentage black] falls fairly consistently until about five miles, when it becomes less than the mean percentage black for the whole sample." For discussion, see also Boyce (2007, pp.326-7) .
2 Exposure-based studies have also been conducted at the national level using EPA data on criteria air pollutants (MorelloFrosch and Jesdale, 2005; Bell and Ebisu, 2012) .
for Racial Justice, 1987; Mohai and Bryant, 1992; Been and Gupta, 1997; Lopez, 2002; Bullard et al., 2008; Marshall, 2008; Wilson et al., 2012) . Indeed, some have found no significant income disparities after controlling for race and ethnicity (Perlin et al., 1995; Brooks and Sethi, 1997; Hird and Reese, 1998; Stretesky and Hogan, 1998; Houston et al., 2013) . Others have reached the conclusion that income-related measures of socioeconomic status (such as poverty and education) are better predictors (Anderton et al., 1994; Bowen et al., 1995; Brochu et al., 2011) or that hazardous facilities tend to be located disproportionately in white working class neighborhoods (Boone, 2002) .
While many studies have included both minority status and income as correlates of proximity or exposure to environmental hazards, few have investigated whether the effects of race and ethnicity vary across the income spectrum (or whether the effects of income vary with minority status). Ash et al. (2013) , in a national-level analysis of exposure to industrial air toxics, report differences in exposure for non-poor whites, poor whites, non-poor minorities and poor minorities. Non-poor whites had the lowest median exposure and poor minorities had the highest. Poverty thus was associated with higher exposure among both whites and minorities, and minority status was associated with higher exposure among both the non-poor and the poor.
In an analysis of exposure to hazardous air pollutants in California's South Coast Air Basin, Morello-Frosch et al. (2001) find that lifetime cancer risk declines for all groups as income rises. They find that people of color tend to face higher risk than whites at all income levels, but the gap between minorities and whites narrows in absolute terms as income rises. Apelberg et al. (2005) find that within the lowest median income quantile of census tracts in Maryland, cancer risk from exposure to air toxics rises significantly with the percentage of African-American residents, whereas race effects are considerably weaker in the other three quantiles. These findings from Southern California and Maryland suggest the hypothesis that racial and ethnic disparities are not constant across the income distribution, but instead are wider in the lower income strata. If so, multivariate models that assume racial and ethnic effects to be invariant across incomes are misspecified.
Owing to regional variations in history and institutions, it cannot be assumed that there is a "one size fits all" pattern of environmental disparities throughout the United States. Apart from differences in the methodologies and data employed, regional differences may contribute to the diversity of findings in case studies of specific locations. This has two implications for environmental justice research: on the one hand, case studies may not be generalizable; on the other hand, national studies that restrict estimated coefficients to be identical across regions can be biased.
A few national-level studies have drawn attention to the potential importance of inter-regional differences in patterns of environmental disparity. Anderton et al. (1994) disaggregate across the ten EPA regions in their examination of the demographic characteristics of census tracts in which toxic storage and disposal facilities are located. They find a statistically significant higher percentage of Hispanics only in Region 9 4 (West/Southwest), but nowhere do they find a statistically higher percentage of blacks. Indeed, in Region 2 (Northeast) they find a significantly lower percentage of blacks residing in these tracts. They do not present region-specific findings on the demographics of surrounding tracts, which as noted above tend to have higher population densities and higher percentages of minorities. Perlin et al. (1995) note substantial differences across EPA regions in minority populations, income, and industrial emissions, from which they infer that environmental justice patterns are likely to vary across regions, too. In a comparison of median exposure of whites, blacks and Hispanics to industrial air toxics in the 61 largest U.S. metropolitan areas, Downey (2007) finds substantial variations in the extent of disparities, with the highest black/white exposure ratios generally found in the East North Central and East South Central census regions (corresponding to the contiguous belt of states from Wisconsin and Michigan in the north to Mississippi and Alabama in the south).
Although national-level analyses have the attraction of comprehensiveness, the most appropriate scale for thinking about the dynamics of environmental disparities may be the metropolitan area. When a firm or public agency makes facility siting decisions, it typically is choosing among locations within a given metropolitan area that has been chosen for reasons such as proximity to infrastructure, inputs or markets. Only then might we expect that inter-community differences in minority status or income become a consideration. Similarly, when people move out of a neighborhood in response to hazards, or move into a neighborhood in response to lower property values (or are channeled there by housing market discrimination), they typically do so within a given metropolitan area. Because national-level patterns reflect differences among metropolitan areas as well as within them, they do not necessarily give a clear picture of these dynamics. One way to isolate the variation within metropolitan areas is to employ spatial fixed effects in econometric models. Ash and Fetter (2004) , who use such a specification for 1990s data, find that African-Americans tend to live both in the more polluted cities and in the more polluted areas within these cities, while Hispanics tend to live in the less polluted cities but within these cities "on the wrong sides of the environmental tracts," too. We use a similar model in this paper, but whereas Ash and Fetter restrict the estimated coefficients on minority status and income to be identical across the U.S., we allow them to vary across regions and between lower-income and higher-income neighborhoods.
Data
To measure industrial air toxics exposure, we use geographic microdata from the EPA's Risk Screening The RSEI model includes a fate-and-transport model that uses information on stack heights, exit gas velocities, wind patterns, and chemical decay rates to estimate ambient concentrations of the toxic releases for 11,289 grid cells, each 810 meters square, around each facility. RSEI weights the chemicals by toxicity, defined in the case of air releases as chronic human health effects from inhalation exposure. Combining the toxicity-weighted ambient concentrations with census data on the size and age-sex composition of populations residing in each grid cell, the RSEI calculates a risk-screening indicator for each facility, aggregated across the grid cells impacted by its releases. Using geographic microdata at the grid cell level, researchers can also calculate toxicity-weighted ambient concentrations for each location, aggregated across all facilities whose releases impact that location. The RSEI model has been peer-reviewed by experts several times (US EPA, 2012).
While the RSEI data provide the best available measure of exposure to air toxics from industrial facilities, they only capture one part of overall air pollution. For example, the data do not include mobile sources (such as emissions from trucks, cars, and airplanes). Industrial point sources often loom large, however, in the communities that are at highest risk from air pollution (Boyce and Pastor, 2012) .
This study uses RSEI geographic microdata for the year 2007, which are derived from the most recent version of the EPA's RSEI model (version 2.3.1). We obtain income and demographic variables from the 2000 U.S. Census.
3 We merge Census data with the RSEI data at the Census block level and then aggregate the exposure scores to the blockgroup level, since this is the finest geographic resolution for which income variables are available in the Census. We limit our analysis to urbanized areas (more precisely, to blockgroups at least part of which are in an urbanized area), due to the differences between urbanized and rural areas in socioeconomic characteristics and industrial composition. 4 To control for the influence of outliers, we censor the exposure variable at the 97th percentile nationwide.
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Exposure to industrial air toxics is calculated as follows:
where
• subscript j indexes population subgroups comprising minorities, non-Hispanic whites (hereafter simply "whites"), the poor (defined by the federal poverty line) and non-poor, based on Census headcount data;
• subscript k indexes income groups, based on median blockgroup income;
• subscript r indexes the 10 EPA regions (or all regions combines for national measures);
6
• EXP OSU RE i is the RSEI exposure measure of blockgroup i ;
• T OT ALP OP i is the total population in blockgroup i ; and
• X ij is the share of subgroup j in total blockgroup population.
EXP OSU RE jkr therefore is the population-weighted mean exposure of subgroup j in income group k in region r.
4 Descriptive Statistics
This section provides a descriptive overview of variations in average exposure to industrial air toxics by minority status, poverty status, and income. We first present national-level results, and then present comparable results for the ten EPA regions. Figure 1 shows the national average exposure for four subgroups: non-poor whites, poor whites, non-poor minorities and poor minorities. 8 Among both whites and minorities, the poor face higher average exposure than the non-poor, and among both the non-poor and the poor, minorities face higher exposure than whites.
National overview
Average exposure for poor minorities is 29% higher than for non-poor whites. To provide a finer-grained picture of exposure disparities, in Figure 2 we distinguish four racial/ethnic groups -non-Hispanic whites, African-Americans, Hispanics, and other minorities -and present their average exposure in eight median blockgoup income strata. For all four racial/ethnic groups, we find an inverted-U shaped relationship with income: in the lowest brackets, average exposure rises with income, but it declines after median blockgroup income reaches a level of about $25,000 per household. This pattern is consistent with the findings of previous studies (Morello-Frosch et al., 2002 , for example). The rising portion of the curves may reflect positive associations among industrial activity, incomes and pollution across cities, while the falling portion may reflect disparities in facility siting within cities.
A striking feature of Figure 2 is that minority status disparities are much wider in the lower-income strata.
In the lowest income group, African-Americans have an average exposure 47% higher than that of whites.
Hispanics and other minorities, on the other hand, have lower average exposures than whites. This reflects the fact that Hispanics and other minorities tend to live in cities with lower levels of industrial pollution.
Within cities, however, Hispanics tend to face higher exposure than whites (Ash and Fetter, 2004) . Above median blockgroup incomes of about $25,000, differences in exposure are mainly associated with differences in income: for all four subgroups, exposure declines monotonically as income rises. Pollution exposure differences across lower-income neighborhoods thus appear to be strongly correlated with their racial/ethnic composition, whereas exposure differences among middle and upper-income neighborhoods are most strongly correlated with differences in income. Race/ethnicity and income themselves are strongly correlated, as shown in Table 1 . More than half of African-Americans and Hispanics in urbanized areas live in blockgroups with median incomes under $25,000, compared to fewer than 12% of whites. Combining this fact with the patterns seen in Figure 2 , we can conclude that for most whites, neighborhood income appears to be the main correlate of disparities in exposure 8 to industrial air pollution, whereas for most African-Americans, the racial composition of neighborhoods looms larger.
Regional Variations
There are substantial regional variations in exposure to industrial air toxics, as shown in Figure 3 . The highest median exposures are in the EPA's Midwest, South Central, and Mid-Atlantic regions, in that order.
These are also the top three regions when comparing the 75th and 90th percentiles of exposure. Disparities in exposure by race, ethnicity and income in these regions therefore are of particular interest. Plains; and non-poor minorities have a higher exposure risk than non-poor whites in all regions except for the Northeast and Mid-Atlantic. Among the three regions with the highest median exposure, the Mid-Atlantic is anomalous in that average exposure of whites exceeds average exposure of minorities. This suggests that patterns of disparity are subject to significant regional variations.
The importance of regional variations is still more apparent in Figure 5 , which depicts average exposure for the four race/ethnicity groups across the eight income strata. In all regions there is some convergence across race/ethnicity groups as income rises. In the region with the highest overall exposure (Midwest), African-Americans and Hispanics have higher average exposure than whites throughout the income range. In the region with the second highest overall exposure (South Central), African-Americans have much higher average exposures than whites until they converge at an income level of roughly $50,000, while Hispanics generally have lower average exposures than whites. In the Mid-Atlantic, the region with the third highest overall exposure, the pattern is quite different. Whites have a higher average exposure than African-Americans throughout the income range, and a higher exposure than Hispanics in all but the lowest two income brackets.
The results reported in this section reflect disparities among as well as within CBSAs. The econometric results presented in the next section allow us to compare disparities within cities to these overall disparities. 
Econometric Analysis
To shed further light on the relationships among industrial air pollution exposure, race/ethnicity, and income at both the national and regional levels, this section presents estimates of econometric models that allow us to examine not only the interactions between minority status and income but also to identify patterns of within-city variations by controlling for inter-city variations in exposure.
Model
We first estimate the following model:
where EXP OSU RE icr is the exposure of blockgroup i in city c in region r ; X icr is a vector of variables indicating the percent of African Americans, Hispanics and other minorities in the population of the blockgroup;
f (k icr ) is the median household income in the blockgroup; c is a fixed effect for city c in region r ; and ✏ ijr is the error term. Because the exposure variable is skewed to the left -many blockgroups have little or no industrial air pollution -we add 1 (to include observations with zero values) and take its logarithm. The quadratic term allows for concavity or convexity in the relationship between exposure and median income.
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The inclusion of city-specific fixed effects sweeps out between-city variation. For comparative purposes, we also present estimation results without city fixed effects. We weight by blockgroup population. To control for spatial autocorrelation, we cluster standard errors at the city level.
We then estimate a second model that splits the observations into blockgroups that are above and below the city's median income, to test whether race and ethnicity have different effects in the poorer versus richer halves of the city:
where LOW IN C icr is a dummy variable that takes the value 1 if median income of the blockgroup is below the city average, and 0 otherwise; and HIGHIN C icr takes the value 1 if median income of the blockgroup is above the city average, and 0 otherwise. Summary statistics for the variables used in the estimations at the national level and for the ten EPA regions are reported in Appendix Tables A.1 and A.2. The differences between mean and the median (p50) values in the percentages of whites and minorities, reported in Appendix 
Results
The results of estimating equation 2 without fixed effects are reported in Table 2 . At the national level and in eight of the ten EPA regions, the estimated coefficient for the African-American share of blockgroup population is positive and statistically significant. The coefficient at the national level is 0.93, implying that controlling for income, exposure in an entirely African-American blockgroup would be 93% higher than in an all-white blockgroup (since whites are the omitted group in the model), and that a 10 percentage point increase in the number of African-Americans in a blockgroup, coupled with a 10 percentage point decrease in the number of whites, would be associated with a 9.3% increase in exposure. Only in the Mid-Atlantic region is the coefficient for African-American negative and statistically significant.
The results for Hispanics in this specification are mixed. In six regions the estimated coefficients for
Hispanics are positive and statistically significant, but at the national level and in four regions it is negative and statistically significant, implying that in these cases as the percentage of Hispanics goes up, pollution exposure goes down. The results for other minorities are similar.
To assist in interpretation of the estimates of the quadratic income function, we report f'(0.5) -the slope at an income of $50,000 -and the p-value for a joint significance test of the linear and quadratic terms at this income level.
11 At the national level and in five regions, the slope is negative and statistically significant at $50,000, indicating that as income goes up, pollution exposure declines. The slope of -0.15 at the national level implies that an increase of income from $50,000 to $60,000 decreases pollution exposure by 1.5%. The slope on income at $50,000 is positive and statistically significant in only two regions, the Central Mountains and the West/Southwest, both of which show relatively large disparities by race and ethnicity.
The results of estimating equation 2 with the inclusion of city-specific fixed effects are reported in Table 3 .
At the national level and in six of the regions, the coefficient for African-American is positive and statistically significant. Smaller coefficients, compared to those in the specification without fixed effects reported in Table 2 , imply that both within and between city disparities contribute to overall exposure inequality. In New England, the Central Plains and the Central Mountains, the estimated coefficient for African-American is no longer statistically significant in the fixed-effects specification, suggesting that in these three regions disporportionate exposures of African-Americans are attributable mainly to between-city variations. In the Northeast, comparison of the results in Tables 2 and 3 shows that there are significant within-city disparities that are offset by opposing between-city variations in the model without fixed effects. Similarly, in the Mid-Atlantic, the negative and statistically significant reported coefficient in Table 2 can be seen to be entirely attributable to between-city variations, that is, to a tendency for African-Americnas to live in less polluted cities in this region. Table 2 but positive in Table 3 , indicating that while Hispanics tend to live in less polluted cities compared to whites, within these cities they tend to live in more polluted neighborhoods -a finding in line with that of Ash and Fetter (2004) . However, results for Hispanics again vary considerably across regions.
In the Mid-Atlantic and Pacific Northwest regions the coefficients are negative and statistically significant in Table 2 , but no longer statistically significant in Table 3 , suggesting that in these two regions Hispanics tend to live in the less polluted cities, and within these cities in areas with pollution comparable to that faced by whites. In four regions (Northeast, Midwest, Central Mountains and West/Southwest) Hispanics face higher pollution exposure both overall and within cities. In the two remaining regions (New England and Central Plains) Hispanics tend to live in the more polluted cities, but within these cities they do not face statistically significant exposure disparities. The national-level results for other minorities similarly imply that, like Hispanics, they tend to live in less polluted cities, but within these cities in more polluted neighborhoods. Again, however, these result are not generalizable to all regions.
The slope on the income term at $50,000 at the national level is negative but barely significant at the 10% level. It is negative and statistically significant in five of the regions, and not statistically different from zero in the others.
To analyze the impacts of income in the absence of controls for minority status, we also re-estimated the fixed-effects model simply as a quadratic function of income. The results are reported in Table 4 . At the national level and in every region, the estimated slope at $50,000 is negative and statistically significant, ranging from -0.56 to -1.67. At the national level the slope is -0.97, implying that as the median income of the blockgroup goes up by $10,000, exposure drops by 9.7%. The stronger income effects without controls for minority status reflect the strong correlations between minority status and income seen in Table 1 Finally, to test the hypothesis that minority status matters more for pollution exposure in lower-income neighborhoods, we estimated the model of equation 3, in which the race and ethnicity variables are interacted with a dummy variable indicating whether median blockgroup income is below or above the CBSA average.
Whites living in blockgroups with above-average incomes are the omitted group, so the estimated coefficients indicate how exposures vary compared to this reference group.
12 We again include city fixed effects. The results are reported in Table 5 .
At the national level, the coefficients are positive and statistically significant for all seven interaction terms.
The coefficient of 0.17 for low-income whites implies that whites living in blockgroups with below-average incomes face 17% more exposure than whites living in blockgroups with above-average incomes. Across regions, the most consistent result is that the estimated coefficient for African-Americans living in lower-income 12 Summary statistics for all variables are reported in Appendix Table A.2. neighborhoods is positive in all ten regions and statistically significant in all but one of them. At the national level, African-Americans living in the poorer half of the city have a 76% higher pollution exposure risk than whites living in the richer half. Strong findings also can be observed for Hispanics living in the poorer half of the city, for whom the estimated coefficients are positive and statistically significant in seven regions as well as at the national level. At the national level, compared to whites living in the richer half, Hispanics in the poorer half face a 133% higher pollution exposure. Whites living in the poorer half of the city face a significantly higher exposure in five regions, and other minorities living in the poorer half face significantly higher exposure in four regions. In no region do the residents of lower-income neighborhoods of any race or ethnicity face significantly lower exposure than whites living in upper-income neighborhoods.
The estimated coefficients for minorities living in upper-income neighborhoods are preponderantly positive, and in many cases statistically significant, implying that they too, often face higher exposures than whites living in upper-income neighborhoods. For African-Americans the coefficients are positive and statistically significant in four regions; for Hispanics, in seven; and for other minorities, in four. Negative and statistically significant coefficients are found only in two cases, one for Hispanics and one for other minorities.
These results are broadly consistent with the hypotheses that both minority status and income matter for pollution exposure, and that the effects of minority status tend to be stronger among neighborhoods in the lower half of the income spectrum -which is where most minorities live. There are considerable variations across regions, however. In the two regions with the highest average exposure to industrial air pollution -the Midwest and South Central regions -the estimated coefficients for African-Americans and Hispanics in the lower-income half of the city are consistently higher than for those in the higher-income half. 
Conclusion
This study has explored inequalities in the distribution of industrial air pollution by estimating neighborhood exposure as a function of minority status, income and interactions between the two, at the national level and in the ten EPA regions. We find that exposure varies with minority status most strongly among neighborhoods with median household incomes below $ 25,000, whereas variations in neighborhood income matter more above $ 25,000. Most minorities reside in the former, while most non-Hispanic whites reside in the latter.
Perceptions as to the relative importance of minority status and income as correlates of pollution exposure therefore may vary between minorities and whites.
At the national level, minorities living in the lower-income half of their city face significantly higher exposures than whites living in the upper-income half. The same is true in most regions: for AfricanAmericans, the difference is statistically significant in nine of the ten regions, for Hispanics in seven, and for other minorities in four. In no region do we find exposures of minorities in lower-income neighborhoods to be significantly lower than those of whites in upper-income neighborhoods. At the national level, and in five of the regions, whites living in the lower-income half of the city also face significantly higher exposures than whites living in the upper-income half, and in no region do they face significantly lower exposures. These findings confirm the enduring salience of race, ethnicity and household income as correlates of air quality in the United States.
The results reveal marked variations in regional patterns of environmental inequality, however, and these may help to explain some of the divergent findings of studies that have focused on specific regions or metropolitan areas. For example, we find that exposures of African-Americans are significantly higher than those of whites in the Midwest and South Central regions (the two with the highest average exposure levels), but we find the opposite in the Mid-Atlantic region (which ranks third), a result attributable solely to differences among cities in the Mid-Atlantic regions rather than within them.
Similarly, comparing the two regions with the largest Hispanic population shares, we find that Hispanics in the West/Southwest tend to live both in more polluted cities and in more exposed neighborhoods within them, whereas in the South Central region they tend to live in less polluted cities but again in more polluted neighborhoods within a given city.
Further research is necessary to understand the reasons for these regional differences and their implications Notes: Summary statistics are population-weighted block group averages. Exposure is censored at the p97 value.
